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Abstract
Deformation of the rigid polymers represents the sum of elastic and high elasticity deformations. In the article is compared the 
deformation of polymer layer of layered composite with rectangular section that is compared with a free prismatic polymer rod is 
made from the same material as the adhesive layer in composite, under tensile load. Interaction between polymer layers and 
layers of substratum in composite is accomplished by the contact layer in which it is mixed the substances of adhesive and the 
substratum. We will consider the contact layer as a transversal anisotropic medium with such parameters that it can be 
represented as a set of short elastic rods, not connected among them-selves. For simplicity, we assume that the rods are normally 
oriented to the contact surface.
The value of deformation of the polymer layer, for the same loading conditions should be different from similar strains in free 
prismatic polymer rod, which is in the uniaxial stress-strain state because triaxial stress-strain state in the composite is greatly 
inhomogeneous. This paper shows that the rigid connection of adhesive and sub-stratum complicates high elasticity deformations 
in polymer layer.
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q tensile force
l size of cross-section
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kμ Poisson’s ratio of layer k
kE Young's modulus of layer k
kh thickness of layer k
, ,,x k y kσ σ normal stresses in layer k
kg
∗ averaged shear modulus of contact layer k , k k kg G h
∗ ∗ ∗
=
kG
∗ shear modulus of contact layer k
kh
∗ thickness of contact layer k
.e.
,
h
i kε high elasticity deformations of layer k in direction i
s number of component of relaxation time spectrum
, ,s kE∞ high elasticity deformations modulus
0, ,s kη modulus of initial relaxation of viscosity
,s km modulus of speed, reflecting the influence of strain speed on stress at a given fixed deformation
1.1. Statement of the problem
Resolving equations of the stress-strain state of a layered composite under a tensile force q , obtained in [1], are 
presented below.
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Two summand (s =1,2) in equation (2) correspond to two components of the relaxation time spectrum and are 
determined from solution of  non-linear differential equation Maxwell-Gurevich [3]:
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It is experimentally established [3, 4] that for highly elastic deformations with high precision, the next 
relationship is performed
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, , , 0, 1, 2.
h h h
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On paper [1] was shown that the temperature influence is insignificant, therefore it is not considered.
The purpose of this paper is to compare the creep of the three-layer composite (Fig. 1, a) and the polymeric 
prismatic rod (Fig. 1, b).
a) b)
Fig. 1. Calculation models. a) – three-layer composite; b) – polymeric prismatic rod. 
1.2. Solution of the problem
Let us observe three-layer composite of square section, consisting of two identical layers (layers 0 and 2) of the 
substratum and the binder layer of the adhesive (layer 1). We assume that the high elasticity deformations are 
presented only in the layer of adhesive. Stresses ,x kσ and ,y kσ are equal at points, where x y= , because cross-
section is square with size l l× . As a result, after solving the system of equations (1), with taking into account (4),
on paper [1] the expression for the stresses ,1xσ was obtained:
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Values in (6) are equal to values in (1).
The following parameters were used in the calculation:
Geometric, physical and mechanical properties
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We obtain Deformation in direction z for polymer layer in composite from Hooke's law and expression (4).
( ) . .,1 1 1, 1 ,
1
1
2 .z x
h e
zqE
= ⋅ − ⋅ ⋅ + εε μ σ (7)
Deformations ,1zε in composite can be compared with deformation in free polymer rod only if they are averaged 
over the cross-section area, because they depend on variables x and y .
Averaged deformation in polymer layer is represented by equation
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Values in this equation are equal to values in (5).
The averaged deformation will be used for the deformations in the composite in the future.
Equation for deformations in free polymer rod, with taking into account that it experiencing uniaxial stress-strain 
state is written in the form:
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Figure below shows comparison for values (7), (8) and (9) in initial time (without creep) for selected parameters. 
Fig. 2. The elastic deformation of the polymer rod and polymer layer, and the average deformation in the polymer layer.
As it can be seen, adhesive connection between polymer and substratum greatly limits the axial deformation of 
the polymer layer as compared with similar deformation in the free rod for the same z q=σ .
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Next, we will take a look at the comparison of the deformation occurring in creep process in the layered 
composite and polymer rod. To do this, we obtain the solution of the second differential equation of the system (3). 
The results of numerical calculations for the two spectrum of relaxation times are below.
a) b)
Fig. 3. Curves of high elasticity deformations for two spectrum of relaxation times. a) – 1s = ; b) – 2s = .
Of great interest to note a comparison of changes in strain in time for the polymer rod and the adhesive layer in a 
composite. The dynamic of changes of these values for the selected parameters in the creep process is reflected
below on the fig. 4.
a) b)
Fig. 4. Change of deformation during creep. a) – depending of the deformations from the time in the polymer layer and the rod; b) – deformation 
of the polymer layer divided by deformation in the rod.
As it can be seen from these curves, creep in a polymer layer is less than in the polymer rod. From this it can be 
concluded that the rigid layers reduce not only elastic, but also highly elastic deformation in polymer layer.
Below, on fig. 5, are the curves showing the effect of polymer layer thickness on the averaged deformation with 
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and without creep at different times.
a) b)
c) d)
Fig. 5. Deformations in the polymer layer and polymer rod, depending on the thickness of the adhesive at different times.
a) – 310 mint = ; b) – 810 mint = ; c) – 0t = ; d) – deformation of the polymer layer divided by deformation in the rod at different times.
As seen from curves on fig. 5 the growth in polymer layer thickness increases the deformation and acceleration of 
relaxation processes in a layered composite, because inhomogeneity of the stress-strain state in composite is
beginning to have less influence.
Also, the ratio between deformation of the polymer layer and deformation in the rod is decreased with time, as 
according to the fig. 4 b) creep deformation in the layered composite is less than deformations in the free polymer 
rod.
In the similar way, we obtain the curves for other parameters.
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a) b) c)
Fig. 6. Deformations in the polymer layer and polymer rod, depending on size of the cross-section at different times.
a) – 0t = ; b) – 310 mint = ; c) – 810 mint = .
From the analysis of the fig. 5 and the fig. 6 it can be concluded that the deformation in the composite increases
with growing ratio of thickness of the polymer layer to the size of the composite cross-section.
a) b) c)
Fig. 7 Deformations in the polymer layer and polymer rod, depending on rigidity of the contact layer at different times.
a) – 0t = ; b) – 310 mint = ; c) – 810 mint = .
Fig. 7 shows that the rigidity of the contact layer reduces the speed of relaxation processes in the polymer layer.
1.3. Conclusions
In this paper deformations in the polymer layer of the three-layer model of layered composite and deformations 
in the free polymer rod were compared under tensile load q distributed uniformly over the cross-section. It has been 
established that the deformation in the polymer layer in the composite is considerably less than in the free polymer 
rod. This effect results from the inhomogeneous triaxial stress-strain state in the composite at the expense of rigid 
layers of the substrate.
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It was established, that the deformation difference increases with the increase of the ratio between composite 
cross-section size and the thickness of the polymer layer. In this case, the rigidity of the contact layer is of less 
importance.
In addition, it was shown, that the rigid substrate layers reduce the creep deformation, compared to the creep 
deformation of the free polymer rod.
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